
4	 NOVEMBER	2004,	GSA	TODAY GSA	TODAY,	NOVEMBER	2004	 5

GSA Today; v. 14; no. 11, doi: 10.1130/1052-5173(2004)014<4:GGATRE>2.0.CO;2

ABSTRACT
Natural and anthropogenic influ-

ences on watershed processes affect the 
distribution and abundance of salmon 
across a wide range of spatial and tem-
poral scales, from differences in species 
use and density between individual 
pools and riffles to regional patterns 
of threatened, endangered, and extinct 
runs. The specific impacts of human 
activities (e.g., mining, logging, and 
urbanization) vary among regions and 
watersheds, as well as between different 
channel reaches in the same watershed. 
Consequently, recognizing and diagnos-
ing the nature and causes of differences 
between historical and contemporary 
fluvial and watershed conditions and 
processes can require careful evaluation 
of both historical and spatial contexts. 
In order to be most effective, the con-
tribution of geomorphological insights 
to salmon recovery efforts requires both 
assessment protocols commensurate 
with providing adequate knowledge 
of context, and experienced practition-
ers well versed in adapting general 
theory to local settings. The substantial 
influences of watershed processes on 
salmon habitat and salmon abundance 
indicate the need to incorporate insights 
from geology and geomorphology into 
salmon recovery efforts.

INTRODUCTION
Salmon have been extirpated across 

almost half of their historic range in 
the continental United States (Nehlsen 
et al., 1991) and individual species are 
considered as either threatened or en-

dangered under the federal Endangered 
Species Act throughout much of their 
remaining range in California, the 
Pacific Northwest, and New England. 
Fishing pressure, ocean conditions, 
and the amount, condition, and acces-
sibility of freshwater habitat all affect 
salmon abundance, and these historic 
anthropogenic influences on declining 
salmon populations are often lumped 
into the so-called four Hs of harvest 
(overfishing), hydro (dams), hatcheries, 
and habitat. Regionally, however, the 
size of salmon populations relative to 
their historical levels tracks the extent 

and intensity of human development: 
New England’s Atlantic salmon (Salmo 
salar) have dwindled to <1% of their 
historical population and Pacific salmon 
(Oncorhynchus spp.) account for <10% 
of their historical abundance in the con-
tinental United States, whereas Alaska’s 
Pacific salmon are thought to exceed 
their historical population (Table 1). 
Although all four Hs contributed to the 
decline of salmon in differing (and of-
ten unknown) proportions in different 
watersheds, the general correspondence 
between the overall condition of salmon 
populations and the extent of historical 
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Figure 1. Phylogeny of the Salmoninae (Stearly and Smith, 1993) as drawn by Ray Troll 
(©2003 Ray Troll).
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changes to their river systems implicates 
habitat degradation as a major factor in 
historic decreases in salmon abundance 
(Frissell, 1993). Consequently, insights 
from geomorphology and geology, as 
well as ecology, are essential for design-
ing river restoration measures intended 
to benefit salmon and their ecosystems.

The salmon’s life cycle involves resid-
ing in fresh water as juveniles before 
migrating through whole river systems 
to and from the sea and then finally 
returning to their natal stream to spawn 
and die. This characteristic life history 
makes their abundance strongly depen-
dent on the condition and disturbance 
history of their home stream and its 
watershed. Although huge sums are be-
ing spent in attempts to restore rivers 
and salmon in the continental United 
States—between 2001 and 2003 more 
than $130 million was spent on salmon 
habitat restoration and enhancement 
projects in Washington State alone—
many projects fail due to reliance on 
“off-the-shelf” concepts and designs 
instead of site-specific understanding of 
the disturbance history, habitat condi-
tions, and habitat-forming processes in 
individual rivers (Kondolf et al., 2003). 
Recognition that context-dependent 
physical and biological processes me-
diate the cascade of linkages between 
geology, geomorphology, and salmon 
ecology should provide the foundation 
for society’s efforts to restore robust 
salmon populations.

Recent advances in understanding 
the geomorphology of forest channels 
in general and the historical ecology 
of Pacific Northwest rivers in particular 
have documented some of the effects of 
anthropogenic changes in geomorpho-
logic processes and disturbance regimes 
on salmon populations. Ancient Scottish 
kings enforced salmon conservation 
laws aimed at protecting spawning 
salmon and their ability to access their 
spawning grounds long before the rise 
of modern science. Centuries worth 
of experience in managing salmon in 
Europe and New England (Montgomery, 
2003) and recent landscape-level re-
search (e.g., Montgomery et al., 1999; 
Rosenfeld et al., 2000; Pess et al., 2002) 
have shown that the processes that 
shape riverine habitat lead to strong as-
sociations between salmon populations 
and habitat availability, characteristics, 

and quality. Hence, it appears self-
evident that salmon recovery efforts 
should be rooted in understanding of 
both hydro-geomorphic processes and 
historical changes to rivers and streams.

GEOLOGY	OF	SALMON
It is not surprising that fossil salmon 

are relatively rare given that they gen-
erally die in mountain streams, high-
energy environments that do not tend 
to be preserved in the geologic record. 
Although long a subject of controversy, 
the recently resolved phylogeny of the 
Salmoninae (salmon and trout) and the 
timing of their diversification (Fig. 1) 
help explain two of the most basic (and 
curious) aspects of salmon biology: the 
diversity of the Pacific salmon relative to 
the Atlantic salmon, and their life history 
that involves spawning in fresh water, 
traveling to the sea, and then returning 
to rivers and streams to spawn (a life 
history trait referred to as anadromy).

The Atlantic and Pacific salmon are 
thought to have diverged from a com-
mon ancestor in the early Miocene after 
cooling of the Arctic Ocean isolated the 
Atlantic and Pacific populations (Stearly, 
1992). Differences in resource avail-
ability between terrestrial and marine 
environments have been interpreted as 
the cause of the development of anad-
romy in general based on the observa-
tion that anadromous species are pre-
dominantly found in temperate latitudes 
where oceans are more productive than 

freshwater environments, whereas ca-
tadromous species, which migrate from 
the ocean to feed in fresh water, gener-
ally occur in tropical latitudes where 
oceans are less productive than river 
systems (Gross et al., 1988). Based on 
these ideas, Stearly (1992) proposed 
that global cooling in the Oligocene, 
which post-dates the earliest fossil of 
the Salmonidae [the Eocene Eosalmo 
driftwoodensis from British Columbia 
(Wilson and Williams, 1992)], led to the 
development of anadromy in ancestral 
salmon prior to the Miocene divergence 
of the Atlantic and Pacific salmon. As 
the climate cooled and the productiv-
ity of freshwater ecosystems declined, 
increased marine productivity made an 
anadromous life history increasingly ad-
vantageous.

Figure 2. Relationship of radiation of Pacific 
salmon (top bar) to Miller et al.’s (1987) 
marine oxygen isotope curve and onset 
of uplift on Pacific Rim of North America 
(bottom bars). B.C.—British Columbia; 
WA/OR—Washington/Oregon. Adapted 
from Montgomery (2000).

Figure 3. Potential relationships between 
salmon abundance, habitat capacity, and 
nutrient availability. Upper panel shows 
case of population dominantly controlled by 
variability in climate and marine conditions 
if habitat capacity is stable; middle panel 
shows the case of decreasing habitat 
capacity progressively ratcheting down 
population during periods of favorable 
climate; and lower panel shows the scenario 
wherein habitat is not limiting, due for 
example to nutrient depletion, loss of access, 
or excessive harvest. After Lawson (1993).
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Whereas Atlantic salmon changed 
little in the past 20 m.y., Pacific salmon 
radiated into distinct species between 
20 and 6 Ma (McPhail, 1997). Although 
the local isolation of populations dur-
ing Pleistocene glacial advances was 
thought to have triggered the diversi-
fication of salmon, fossil specimens of 
the modern species of salmon predate 
Pleistocene glaciations. In addition, 
DNA evidence shows that Pleistocene 
glaciation post-dates the radiation of the 
Pacific salmon (Thomas et al., 1986). 
The diversification of the Pacific salmon 
in the late Miocene does, however, co-
incide with the rise of coastal mountains 
on the west coast of North America (Fig. 
2), and it has been hypothesized that 
the associated changes in the character 
of rivers and streams, rather than gla-
ciation, triggered the radiation of the 
Pacific salmon (Montgomery, 2000). 
Moreover, a tectonic driver for the radia-
tion of Oncorhynchus could explain the 
different evolutionary trajectories of the 
Atlantic and Pacific salmon, since there 
has been little physiographic change, 
other than that due to glaciation, in east-
ern North America since the divergence 
of the Atlantic and Pacific salmon.

As the landscape of the Pacific 
Northwest evolved, ancestral salmon 
populations adapted to the region’s 

Figure 4. Generalized relationship of 
watershed inputs to channel processes, 
channel form, habitat characteristics, and 
salmon.

Figure 5. A portion of an immense logjam on the Queets River in 
Olympic National Park, Washington.
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Figure 6. Aerial photograph of a forested 
reach of the Nisqually River, Washington, 
illustrating the relationship between the 
location of large logjams (indicated by Js and 
black pattern) and inlets to perennial side 
channels (gray patterns). From Collins and 
Montgomery (2001).

changing rivers. Whether or not the 
diversification of habitat drove salmon 
speciation, it helped differentiate indi-
vidual salmon runs as they spread into 
new streams and reaches in the evolv-
ing mountain drainage basins of the 
West Coast. Although different species 
of salmon may overlap in run timing 
and spawning areas, they generally tend 
to use different summer and winter 
rearing areas and spend different peri-
ods of time in freshwater and estuarine 
habitats. In general, chinook salmon (O. 
tshawytscha) spawn in large mainstem 
rivers, coho salmon (O. kisutch) use 
smaller tributaries, sockeye salmon (O. 
nerka) spawn in rivers in close proxim-
ity to lakes, and chum (O. keta) and 
pink salmon (O. gorbuscha) spawn in 
channels close to estuarine environ-
ments. Salmon adapted to their home 
streams to the extent that differences in 
run timing and spawning location both 
within and among river networks char-
acterize different species and even vari-
ous runs of the same species.

The initial divergence of coho, chi-
nook, and chum salmon may represent 
adaptation to diversifying habitats in 
evolving coastal river systems of the 
Pacific Rim in which salmon runs be-
gan to specialize in using mainstem 
channels (chinook), smaller tributaries 
(coho), and estuarine habitats (chum) 
as these environments became increas-
ingly distinct in terms of habitat char-
acteristics while broad coastal plains 
became coastal mountains. In contrast 
to the wide geographic distribution of 
the other Pacific salmon, the range of 
sockeye salmon—the most recently 
evolved species of Pacific salmon—does 
not extend south of the southern extent 
of Pleistocene glaciation. This strong 
association with glaciated topography, 
where lakes are generally more abun-
dant than in unglaciated topography, 
suggests that sockeye adapted to take 
advantage of lakes formed in deglaci-
ated terrain. Consequently, the diver-

Figure 7 (on this and preceding page). Distribution of freshwater and estuarine habitat 
along the lower Snohomish River, Washington, (A) ca. 1870 and (B) 1990. EEM—estuarine 
emergent; ESS—estuarine scrub-shrub; RTF—riverine tidal forested; RTS—riverine tidal 
scrub-shrub; PFW—palustrine scrub-shrub. Updated by B. Collins after a map in Collins 
and Montgomery (2001).
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Wolman, 1993). Ideally, spawning habi-
tat includes both appropriately sized 
gravel and proximity to pools that pro-
vide sheltered resting areas. In addition, 
large fish use deep pools to rest in on 
their way back upriver to spawn. Pools 
formed by the interaction of high flows 
and sediment transport scour into bed-
rock and flow around stable logs and 
logjams, providing different types and 
qualities of summer habitat for juvenile 
salmon (May and Lee, 2004). Off-chan-
nel wetlands and floodplain side chan-
nels can provide both summer rearing 
habitat and refugia from winter high 
flows (Peterson and Reid, 1984).

The importance of freshwater habitat 
abundance and quality varies among 
species of Pacific salmon. Pink and 
chum salmon, for example, do not 
spend much time in fresh water, as 
juveniles migrate to estuarine environ-
ments soon after emerging from the 
gravel. Consequently, the condition 
of estuarine habitat generally exerts a 
greater influence on pink and chum 
salmon runs than does the condition of 
freshwater habitats. In contrast, juvenile 
coho and chinook salmon rear for one 
to two years in rivers and streams before 
migrating to the marine environment. 
Consequently, these species are much 

Figure 8. Federal status of (A) coho and (B) spring chinook salmon runs in the western 
United States, according to the National Marine Fisheries Service (NMFS) as of June 2003. 
Former extent of now extinct coho salmon runs was digitized from Frissell (1993). NMFS 
data can be found at www.nwr.noaa.gov/1salon/salmesa/cohoesum.htm for coho and at 
www.nwr.noaa.gov/1salon/salmesa/chinesum.htm for chinook.

gence of sockeye salmon well before 
the onset of Pleistocene glaciation sug-
gests that they evolved near the northern 
end of their modern range during the 
late Miocene to early Pliocene onset of 
Northern Hemisphere glaciation ~6 m.y. 
ago (Jansen and Sjøholm, 1991).

The dramatic influence of short-term 
climate variability on salmon abundance 
(e.g., Mantua et al., 1997; Finney et al., 
2002) means that habitat availability 
defines a ceiling for population size, 
rather than a simple surrogate for popu-
lation size. Freshwater ecosystems in 
the Pacific Northwest tend to be nutrient 
limited and biologists argue that a large 
modern nutrient deficit in freshwater 
systems of the Pacific Northwest may 
limit salmon population size to less than 
the available habitat could support (e.g., 
Gresh et al., 2000). Hence, even with 
long-term population records it can be 
difficult to assess whether habitat or 
nutrient limitations dominate observed 
variations in salmon abundance (Fig. 3). 
Nevertheless, it is clear that the amount 
and character of salmon habitat influ-
ences salmon abundance in Pacific 
Northwest rivers. It is also clear that 
human influences have radically altered 
the amount and character of salmon 
habitat in the United States over the past 
several centuries.

GEOMORPHOLOGY	OF	SALMON
In the early decades of the twentieth 

century, the new science of ecology 
focused on organisms and their envi-
ronment, and particularly on how they 
influenced each other. For much of the 
second half of the century, however, 
the predominant view of ecosystems as 
either steady-state systems or as a one-
way succession toward an equilibrium 
climax community downplayed the 
importance of geomorphology in gov-
erning ecosystem dynamics. Only near 
the end of the last century did recogni-
tion of the importance of disturbance 
regimes in shaping stream community 
composition and dynamics bring the 
role of hydro-geomorphological pro-
cesses back into mainstream ecological 
theory (e.g., Pickett and White, 1985). 
Still, even though geomorphology can 
be considered a key control on ecosys-
tem dynamics in a disturbance-driven 
view of the world (e.g., Swanson et al., 
1988; Benda et al., 1998; Montgomery, 

1999), the relative and absolute impor-
tance of the influences of geomorpho-
logical processes varies among species.

Salmon habitat is influenced by land-
scape processes that govern the supply 
and movement of water, sediment, and 
wood to and through their rivers and 
streams (Fig. 4). Salmon runs rely on riv-
ers to provide particular kinds of habitat 
suitable for spawning, to foster the de-
velopment of their eggs while buried in 
streambed gravel, and to shelter their 
young while they grow, forage, and 
hide from predators as they run down 
to the sea (Bjornn and Reiser, 1991). 
On their way back upriver, returning 
adults also need deep, sheltered pools 
in which to rest and clean gravel in 
which to spawn. A general understand-
ing of salmon ecology therefore rests on 
understanding the watershed and fluvial 
processes that create, sustain, and de-
stroy salmon habitat (Swanston, 1991).

At the most general level, nonmarine 
salmon habitat can be generalized into 
spawning habitat, summer rearing habi-
tat, and winter rearing habitat. The size 
of spawning gravel, and therefore their 
preferred spawning grounds, varies for 
different salmonids, with larger salmon 
generally spawning in the coarser sub-
strate of larger channels (Kondolf and 
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more strongly dependent on the con-
dition of rivers and streams, and their 
abundance has been related to habitat 
abundance and conditions across a 
wide range of scales from differences 
between pools and riffles (Rosenfeld, 
2000) to reach-scale differences in 
channel type and pool frequency 
(Montgomery et al., 1999), and water-
shed-scale patterns of land use (Pess et 
al., 2002).

Over the past century and a half, 
many of the changes in the character 
of salmon habitat in the rivers and 
streams of the Pacific Northwest re-
sulted either directly or indirectly from 
loss of stable in-channel wood debris 
(Fig. 5). The huge trees of the Pacific 
Northwest’s native forests greatly influ-
enced the region’s rivers and played 
important roles in shaping salmon 
habitat. Historical changes in the size 
and supply of the wood delivered to 
rivers and streams changed sediment 
routing and storage, channel dynam-
ics and processes, and even channel 
morphology. Many of the geomorphic 
effects of wood in rivers arise from 
the influence of “key” pieces of wood 
large enough to obstruct flow and sedi-
ment transport, and thereby stabilize 
other debris in logjams. Commonly 
recognized effects of wood on aquatic 
habitat are manifest at the scale of in-
dividual habitat units such as bars and 
pools (Bisson et al., 1982), but these 
local influences can generate emergent 
properties at larger spatial scales by col-
lectively controlling the morphology of 
channel reaches and valley bottoms. 
Field surveys of forest channels have 
shown that the frequency of pools, 
many particulars of channel morphol-
ogy such as channel width, the style 
and distribution of alluvial bedforms, 
and in places even the extent of gravel 
streambeds are controlled by the abun-
dance of large logs and logjams (e.g., 
Keller and Swanson, 1979; Robison 
and Beschta, 1990; Montgomery et 
al., 1995; 1996; 2003). In addition, a 
number of workers have noted how 
an abundant supply of large wood can 
split flow into multiple channels and 
maintain complex, anastomosing chan-
nel patterns on forested floodplains 
unconfined by valley walls (Sedell and 
Froggatt, 1984; Harwood and Brown, 
1993; Abbe and Montgomery, 1996; 

Collins and Montgomery, 2001; Collins 
et al., 2002; O’Connor et al., 2003) (Fig. 
6). These large-wood-mediated habitat 
characteristics made Pacific Northwest 
rivers natural salmon factories with 
spawning gravel located in proximity 
to deep pools for summer rearing, and 
sheltered floodplain side-channels for 
winter rearing.

In the decades after the Civil War, 
the U.S. government embarked on an 
extensive national program of removing 
snags from rivers to promote economic 
development because logs and logjams 
impeded navigation, and therefore 
commerce (Ruffner, 1886). The U.S. 
Army Corps of Engineers recorded 
pulling more than 65,000 snags from 
the Willamette River from 1870 to 1950 
(Sedell and Froggatt, 1984), and more 
than 150,000 snags from five Puget 
Sound rivers since the 1880s (Collins 
and Montgomery, 2001). As develop-
ment spread inland and up rivers, 
valley bottom wetlands were drained 
and riparian forests were cleared for 
agriculture, reducing the supply of large 
trees that could erode into rivers and 
become new snags (Fig. 7). Studies of 
the historical characteristics of valley 
bottoms around Puget Sound also show 
that the loss of stable logs and logjams 
converted complex channel forms 
to simpler channel patterns (Collins 
and Montgomery, 2001; Collins et al., 
2003). Preliminary estimates of the loss 
of different kinds of salmon habitat 
from Puget Sound watersheds range 
from a third to more than two-thirds 
(Beechie et al., 1994, 2003; Collins and 
Montgomery, 2001).

An understanding of the extent and 
effects of anthropogenic changes in 
watershed processes on salmon habitat 
adequate for developing strategies for 
restoring salmon requires answering 
the questions of what were the rivers 
like that salmon evolved in, how did 
salmon habitat and habitat-forming 
processes change, and what opportuni-
ties exist (or can be made) for reversing 
these changes. Too often, however, 
river and stream restoration projects are 
based on ideas or technologies trans-
ferred from different geomorphologic 
contexts and applied in inappropriate 
situations. Yet understanding the extent 
of historical anthropogenic modifica-
tions to the river systems to which par-

ticular runs of salmon adapted can help 
guide strategies for restoring rivers and 
promoting salmon recovery.

RESTORATION	ECOLOGY	
OF	SALMON

The evolutionary linkages between 
landscape processes and salmon have 
implications for the response of salmon 
populations to human modifications of 
watershed processes because salmon 
evolved in response to geologic and 
geomorphologic disturbances that differ 
in character, frequency, and scale from 
common anthropogenic disturbances. 
Many natural disturbance processes can 
be characterized as pulse disturbances, 
wherein episodic, short-duration distur-
bance is followed by return to a former 
state. A key question for salmon restora-
tion efforts is whether a species evolved 
to respond to infrequent geological 
disturbances (e.g., glaciations and volca-
nic eruptions) and more frequent geo-
morphological disturbances (e.g., floods 
and landslides) that tend to be spatially 
asynchronous has the ability to adapt to 
sustained, regionally synchronous an-
thropogenic disturbances.

The salmon’s life history trait of 
spending 3–5 yr at sea is well suited for 
an environment characterized by peri-
odic, but still relatively infrequent, dis-
turbances such as floods and landslides 
because the bulk of their population is 
at sea at any one time. However, salmon 
are ill-equipped to endure anthropogen-
ically induced changes in disturbance 
regimes that turn formerly infrequent 
disturbances into frequent (press) dis-
turbances. For example, a shift in the 
recurrence interval of bed scouring high 
flow events could turn a formerly pulse 
disturbance into a press disturbance 
because egg-to-fry survival is inversely 
related to the recurrence interval of win-
ter high flows (e.g., Beamer and Pess, 
1999). In some densely developed areas 
of the Puget Lowland where the pre-
urbanization 10-yr discharge became the 
post-urbanization 2-yr discharge (Booth, 
1990), fall-spawning salmon were dis-
placed by cutthroat trout that spawn in 
the spring (Lucchetti and Fuerstenberg, 
1992), a time when their eggs are gener-
ally safe from high flows.

Debris flows provide another ex-
ample of a catastrophic pulse distur-
bance that has become more frequent 
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in many watersheds as a result of forest 
management. The direct and indirect 
effects of debris flows can adversely 
impact salmonids, but debris flow–de-
posited logjams can act as habitat form-
ing agents (Everest and Meehan, 1981). 
Although it is well established that for-
est clearing on steep slopes increases 
rates of landsliding (Sidle et al., 1985), 
far less is known about the net effects 
on salmon populations other than the 
obviously high mortality among fish 
in the channel at the time of a debris 
flow. However, it is likely that with 
increasing disturbance frequency, the 
negative effects of such disturbances 
increasingly overshadow the positive 
effects due to habitat formation.

In addition to changes in disturbance 
regimes, historical anthropogenic ef-
fects on salmon habitat include reduced 
extent and quality of spawning gravel, 
channel incision due to removal of 
stable logs and logjams, fewer pools to 
provide summer rearing habitat, loss 
of off-channel wetlands and floodplain 
sloughs that provided winter rearing 
habitat, increased bed scour, and loss 
of access to habitat due to blockage 
by dams. The relative importance of 
these different effects on salmon habitat 
depends on the geology, geomorphol-
ogy, and disturbance history of specific 
watersheds.

The regional pattern to the distribu-
tion of threatened and endangered runs 
of coho and chinook salmon (Fig. 8) 
illustrates how broad views of changes 
in the geomorphology can help focus 
questions pertinent to restoration strate-
gies and efforts. Spring runs of chinook 
salmon in Oregon and Washington are 
considered threatened or endangered 
in Puget Sound, the Willamette Valley, 
coastal Washington, but are not con-
sidered at risk of extinction in coastal 
Oregon and the central Columbia River 
basin. In contrast, coho salmon runs 
are extinct in the Columbia River basin 
(Frissell, 1993), are considered threat-
ened or endangered in coastal Oregon, 
and are a candidate for listing in western 
Washington. In addition to the effect of 
dams on the Columbia River system, the 
difference in these patterns probably re-
flects the extensive floodplain modifica-
tions, gravel mining, and the loss of side 
channels and freshwater wetlands along 
large rivers and floodplain habitats used 

by chinook salmon in the Puget Sound 
region and Willamette Valley, and the 
extensive impacts of splash damming 
and forestry to the smaller streams used 
by coho salmon on the Oregon Coast.

Through direct and indirect influences 
on landscape dynamics, geology and 
geomorphology affect salmon over a 
remarkable range of spatial and tempo-
ral scales (Fig. 9). Yet, understanding of 
how specific changes in fluvial and 
watershed processes influence salmon 
habitat, as well as salmon themselves, is 
necessary to confidently align manage-
ment actions with policy goals. While it 
would appear obvious that it would be 
difficult to predict the outcome of man-
agement policies aimed at a complex 
system that we do not understand, even 
a relatively complete understanding of 
a natural system does not guarantee 
optimal resource management. Still, in 
addressing natural systems characterized 
by high uncertainty or natural variability, 
an understanding of both past system 
behavior and the processes that govern 
that behavior is necessary to guide con-
fident management decisions.

GEOMORPHOLOGY	AND	
RESTORATION	ECOLOGY

It is well known that an understand-
ing of salmon ecology requires un-
derstanding habitat conditions. Each 

summer, a small army of biologists, 
foresters, and fishery technicians docu-
ment habitat characteristics in salmon 
streams and rivers throughout the 
Pacific Northwest. Increasingly, geomor-
phologists participate on such teams, 
and the growing recognition of the need 
to involve geomorphologists in habitat 
assessments and the design of restora-
tion projects is helping to develop and 
define the professional practice of resto-
ration geomorphology.

Successful river restoration projects 
aimed at promoting salmon recovery 
require an understanding of a watershed 
and its disturbance history, including 
the effects or legacies of human ac-
tions. Although in simple cases such as 
removing or modifying salmon-blocking 
culverts or dams, the solution may be 
obvious (even if not politically feasible), 
in many cases the diagnosis of restora-
tion issues and design of projects to 
address them are complex and subjec-
tive. Integrating the linked influences 
of hydro-geomorphologic and biologi-
cal processes often requires synthetic 
thinking and analyses beyond solving 
a simple set of closed equations or 
adopting a standard view or conceptual 
model. Montgomery and MacDonald 
(2002) argued that one-size-fits-all 
channel classifications and restoration 
guidelines are of limited utility when ap-

Figure 9. Spatial and temporal scales across which geology and 
geomorphology influence aspects of salmon habitat.
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plied without an understanding of both 
disturbance history and spatial context 
within a watershed. Although most pro-
fessional geomorphologists would agree 
that restoration design work should be 
approached cautiously and with the ap-
propriate expertise, the issue of what 
qualifications and training are neces-
sary to engage professionally in applied 
fluvial geomorphology is only now 
beginning to receive the attention it de-
serves in the scientific community. Yet 
in applying geomorphology to salmon 
recovery it is important to guard against 
the sometimes-naive presumption that 
professionals in other disciplines (such 
as hydrologists, foresters, ecologists, and 
engineers) can reliably provide accurate 
geomorphologic insight.

Given the importance of context in 
diagnosing and assessing habitat condi-
tions, geomorphologists are needed to 
help assess the causes of problems and 
evaluate potential solutions in restora-
tion ecology, much like how geologists 
are recognized as essential for scoping 
problems and evaluating potential so-
lutions in geotechnical engineering. It 
should not be controversial to maintain 
that an understanding of the extent 
and cause of anthropogenic impacts on 
salmon habitat should be central to de-
vising potential measures to reverse or 
mitigate such effects. In practice, how-
ever, many habitat restoration projects 
are based on standardized approaches 
and designs or the application of simple 
generalized conceptual models for 
what a stream should be like. Although 
geomorphologists can contribute to res-
toration ecology by bringing technical 
expertise to bear on specific problems, 
an equally important contribution lies in 
providing the perspective that an appre-
ciation of spatial and temporal context 
brings to a site-specific understanding of 
habitat conditions and habitat-forming 
processes.

The stories of declining salmon runs 
are remarkably parallel across the 
English-speaking world, from the riv-
ers of the Pacific Northwest to New 
England and before that Great Britain 
(Montgomery, 2003). In each case, the 
history of salmon records how changes 
to rivers and their watersheds gradu-
ally remade river basins into regions 
inhospitable to salmon over time spans 
far longer than social and political pro-

cesses last. In the past, the mismatched 
time scales over which societal and 
geomorphologic processes operate have 
proven problematic for salmon. Today, 
as society focuses substantial human 
and economic resources on efforts to 
restore salmon runs, geomorphologic 
expertise is essential for ensuring that 
money and effort are well spent on spe-
cific projects and that restoration prac-
tices are aligned with strategic policy 
objectives.
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